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Introduction 
The maintenance of organic matter in the soil system can help prevent soil degradation. Soil, as 
an open system, can play an important part in regulating greenhouse emission to the atmosphere. 
A current hypothesis is that soils can function as net sinks of atmospheric carbon, and therefore 
attenuate the increase in atmospheric carbon dioxide (C02) (Lal et al., 1995). Soil organic 
carbon (SOC) generally decreases with cultivation, and carbon lost from soil transfers into 
atmospheric C02, a greenhouse gas. Also, agricultural activities enhance other greenhouse gas 
emissions from soils, such as nitrogen oxide (N20). Since any changes in agricultural practices 
can influence the SOC storage in and greenhouse gas flux from soils, the net benefit due to 
changing agricultural practices needs to be explored. 
Different sources of organic matter replenish the soils' carbon and nutrient pools. However, 
organic materials added to soils contain a wide range of carbon compounds that vary in rates of 
decomposition (Ajwa and Tabatabai, 1994 ). The biological breakdown of the added organic 
material depends on the rate of degradation of each of the carbon containing materials present in 
the sample (Gilmour et al. 1977; Reddy et al. 1980). Changes in environmental factors may 
cause change in the decomposition rates of organic materials in soils. Studies on alteration of 
soil moisture status, oxygen, soil temperature, pH, substrate specificity, and availability of 
minerals, have been shown to be important in decomposition of organic materials (Broadbent et 
al. 1964; Kowalenko et al. 1978; Clark and Gilmour 1983). 
Over 70% of the land in Iowa is used for cropland, and over 90% of the cropland is planted to 
corn and soybeans (NRI, 1994). Over 28% of soils in Iowa used for cropland are classified as 
highly erodible, where the average soil loss is 6.7 tons/acre, which exceeds the tolerable soil 
erosion limit of 5 tons/acre. Changes in cropping systems and management practices have had 
an impact on soil carbon and productivity (Barnwell et al., 1992). Results of an erosion and 
productivity study (Kazemi, 1990) for a wide range of Iowa soils demonstrated the effects of soil 
and cropping system management on yield. The decreased soil productivity results in less crop 
growth and thus less carbon-containing residue is returned to the soil. Changes in land use or 
management results in disturbing the semi-equilibrium of the SOC pool and the system 
undergoes adjustments to a new level dictated by the impact of plant residue. Robinson et al. 
( 1996) based on long-term research plots, estimated the conversion of a row crop system to a 4-
year rotation has the potential to replace as much as 30% of the total SOC loss since cropping 
began in Iowa. 
Soils are not the same in their capacity for storing carbon. Therefore, a clear understanding of 
different soils' capacities, within Iowa for storing carbon will be critical in developing 
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management systems and prediction tools related to different soils types. Soils that are highly 
susceptible to erosion due to topographical and geological formation can be utilized to increase 
carbon storage ability by introducing permanent conservation practices, such as limiting the 
annual cultivation. 
In addition to understanding different soils' abilities across the state for storing carbon under 
different soil and cropping management systems, there is a need for developing and calibrating 
some of the existing carbon models. Besides the benefits of predicting carbon storage in soils 
under different soil and crop management systems, these models can help in explaining different 
factors that are involved in carbon dynamics and different carbon pool relationships. Models, 
such as the Century Model, were originally based on how fast carbon moves into or out of the 
least biodegradable pool of SOC. Therefore, soil conservation practices that can increase the net 
gain in the carbon pool can promote long-term soil carbon storage. 
Objectives 
Soil organic matter status is highly linked to soil management practices, soil conservation 
practices, and crop rotation. The need for evaluating different tillage and crop rotation systems 
is essential for improving carbon storage. The objectives of this study are: 
1. Evaluate the impact of different tillage and crop rotations on soil organic matter change. 
2. Understand the influence of nitrogen rates on soil organic matter status. 
3. Understand the effect of soil type on soil carbon dynamics. 
Approach 
The study was started in the fall of 2000, on seven research farms across Iowa, representing 
different soil types, climate, and topography. A total of fifteen studies were selected from 
previously established experiments by other scientists in the Agronomy Department. Three to 
four studies were selected on each research farm representing different tillage, crop rotations, 
and nitrogen and manure rates. All studies were completely randomized block design with three 
to four replications. 
A history of each site was recorded, including length of crop rotation, soil type, fertilizer use, 
tillage practices history, manure use, and other management practices. The following treatment 
was selected from the existing studies on the seven research farms: 
1. Conventional and conservation tillage systems with continuous and rotation cropping 
systems (i.e., continuous corn, corn-soybean, corn-soybean-meadow, and warm-cool 
season grass rotations). 
2. Conventional and conservation tillage systems with different cropping systems, and 
different nitrogen rates. 
3. Different soil associations with different management systems. 
Soil samples for depths of 0-5,5-10, 10-15, 15-30, and 30-60 em depths were collected along 
with the bulk density samples. Total carbon and total nitrogen determined by high-temperature 
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dry combustion with an LECO CHN analyzer. Soil pH was measured using a 1: 1 ratio. Soil 
bulk density was determined for each soil depth by using a core method similar to that of Doran 
and Mielke (1984 ). Plant residue was collected from each site to determine the amount of 
residue left on the field after harvest and to determine total carbon and total nitrogen for plant 
residue. Fractions of organic carbon will be estimated by measuring particulate organic carbon 
in the 53-250 urn and 250-2000 urn size fractions similar to the method of Cambardella and 
Elliot, 1992. 
Results and Discussion 
Different tillage systems have different impacts on total soil carbon across all soil associations. 
The results showed that the effect of different tillage systems on total soil carbon was not 
significant for Clarion-Nicollet-Webster (CNW) and Kenyon-Floyd-Clyde (KFC) soils, where 
changes in soil carbon are due to different tillage systems for Otley-Mahaska-Taintor (OMT), 
Marshall (M), and Galva-Primghar-Sac (GPS) were highly significant (Table 1). In general no-
till for all soil associations showed higher total soil carbon for the top 5 em (2 inches) compared 
to minimum or conventional tillage systems. Soils with high organic matter content seem to 
have greater change in total soil carbon than those with lower organic matter content. On the 
other hand changes in total soil nitrogen was highly significant for all soil association due to 
changes in tillage system. Differences in tillage systems have an impact on carbon to nitrogen 
(C:N) ratio, where decline in C:N ratio was more evident with conventional tillage systems 
compared to conservation tillage systems. This would suggest that introduction of conventional 
tillage system has significant effect on oxidizing SOM and releasing it as C02. 
Crop rotation is another factor that would affect soil organic matter. Comparison of different 
crop rotation for Monona-Ida-Hamburg (MIH) soil association showed that grass rotations in 
general have greater total soil carbon content than row crops of a meadow crop rotation (Table 
2). On the other hand, soil under cool season grass showed greater total soil carbon compared to 
all crop rotations. The C:N ration is lower (less than 10: 1) for crop rotations with greater total 
soil carbon (cool season grass). Soil under cool season grass has greater total soil carbon and 
nitrogen than warm season grass. 
Nitrogen management has a role in influencing soil carbon changes particularly in the topsoil 
depths. Impact of different nitrogen rates on total soil carbon in the 0-5 em soil depth showed an 
increase in soil carbon with an increase of nitrogen rate. However, the differences are not 
significant, particularly due shorter crop rotations since nitrogen management has been 
implemented. The change in soil carbon under different nitrogen rates was much greater for the 
same soil association under a com-soybean rotation than continuous corn rotation. The addition 
of soybean to the crop rotation improved the total soil nitrogen and eventually improved total 
soil carbon (Table 3). In general, rich organic matter soils showed a greater C:N ratio compared 
to lower organic matter content soils. 
Total soil carbon generally decreased with depth under both no-till and chisel plow tillage 
systems for all soil associations (Fig. 1 ). In general total soil carbon for CNW soil association is 
significantly greater than other soil association for all depths under chisel plow. On the other 
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hand, under no-till the OMT soil associations show significantly greater total soil carbon than 
others at the top 5 em. 
Table 1. Total soil carbon and total nitrogen for the top 0-5 em depth for five soil associations 
and five different tillage systems under a corn-soybean rotation. 
Soil Total Total C:N 
Association Tillage Years Carbon Nitrogen Ratio 
k -3 
--- gm ---
C-N-W Anhydrous Knife 3-13 32.2 3.1 10.4 
Chisel Plow 29.4 2.2 13.1 
Moldboard Plow 25.8 1.8 14.1 
No-Tilalge 29.8 2.3 13.2 
Deep Ripper 23.6 1.9 12.4 
p (0.05) 0.33 0.01 
G~P-S Chisel Plow 7-8 19.2 1.5 12.6 
No-Tillage 23.4 1.8 12.8 
Ridge Tillage 26.1 2.1 12.5 
p (0.05) 0.001 0.001 
K-F-C Chisel Plow 7 24.5 2.9 8.3 
No-Tillage 28.2 3.1 9.0 
p (0.05) 0.22 0.64 
M Chisel Plow 7 15.2 1.3 12.2 
No-Tillage 21.1 1.7 12.6 
p (0.05) 0.0002 0.0002 
0-M-T Chisel Plow 7 25.4 1.9 13.2 
No-Tillage 34.0 2.7 12.6 
p (0.05) 0.004 0.002 
Table 2. Comparison of total soil carbon of the top 0-5 em depth for meadow, cool season, and 
warm season grasses of Monona-Ida-Hamburg soil association with traditional corn-soybean 
rotation of a Galva-Primghar-Sac soil association as a reference point. 
Soil Crop Total Total C:N 
Association Rotation Years Carbon Nitrogen Ratio 
k -3 
--- gm ---
M-1-H Meadow 4 23.8 2.2 10.8 
M-1-H Cool Season 10 43.1 4.6 9.4 
M-1-H Warm Season 8 26.9 1.9 14.2 
G-P-S Corn-Soybean 7 23.4 1.8 12.8 
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Table 3. Total soil carbon and total nitrogen at the top 0-5 em depth for combinations of two soil 
associations and two crop rotations under a chisel plow tillage system. 
Soil Crop Nitrogen Total Total C:N 
Association Rotation Years Rate Carbon Nitrogen Ratio 
kg ha·1 k -3 --- gm ---
C-N-W Continuous 2 0 15.8 1.7 9.3 
Corn 135 17.2 1.6 10.8 
270 17.1 1.8 9.5 
p (0.05) 0.09 0.38 
0-M-T Continuous 2 0 29.7 2.0 14.9 
Corn 135 30.8 2.1 14.7 
270 28.9 2.0 14.5 
p (0.05) 0.46 0.84 
C-N-W Corn- 2 0 20.5 2.0 10.3 
Soybean 135 23.4 2.4 9.8 
270 24.0 2.4 10.0 
p (0.05) 0.24 0.06 
0-M-T Corn- 2 0 34.5 2.5 14.4 
Soybean 135 35.5 2.6 13.7 
270 34.0 2.3 14.8 
p (0.05) 0.71 0.42 
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Figure 1. Total soil carbon distribution for 
depths 0-60 em of different soil associations for 
a corn-soybean rotation under (A) no-tillage 
system and (B) chisel plow tillage system. 
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